Recently, Scm3p has been shown to be a nonhistone component of centromeric chromatin that binds stoichiometrically to CenH3-H4 histones, and to be required for the assembly of kinetochores in S. cerevisiae. Scm3p is conserved across fungi, and displays a remarkable variation in protein size, ranging from ~200 amino acids in Saccharomyces cerevisiae to ~1300 amino acids in Neurospora crassa. This is primarily due a variable C-terminal segment that is linked to a conserved N-terminal, CenH3-interacting domain. We have discovered that the extended C-terminal region is strikingly characterized by lineage-specific fusions of single or multiple DNA- 
Introduction
Despite being a universal feature of eukaryotic chromosomes, centromeres are characterized by enormous diversity. The structural spectrum of centromeres includes point centromeres that are short composite DNA elements like transcription regulatory elements or enhancers, extended regional centromeres that vary in length from 1kb to several megabases and holocentric elements that are distributed throughout the length of the chromosome [1] [2] [3] . Within a monophyletic lineage, closely related organisms might exhibit diversity of centromere organization-for example, in fungi, Saccharomyces cerevisiae has point centromeres, whereas Candida albicans has regional centromeres 3 . This diversity in form is accompanied by a concomitant diversity in the sequence of centromeric DNA (CEN) and in the proteins that assemble kinetochores on them [1] [2] [3] Yet, all these diverse centromeres perform a comparable set of functions across eukaryotes in chromosome segregation and spindle checkpoint control 1, 2 . This conserved function has been attributed to an epigenetic role played by the centromeric chromatin proteins 1, 2 . Hence, elucidating the assembly of the distinctive centromeric chromatin is necessary to understand the apparent paradox of centromere diversity form despite the presence of conserved functions.
Major advances in this direction have come from studies on the centromere specific histone H3 variant, CenH3 (Cse4p in yeast), which replaces the conventional histone H3 in centromeric nucleosomes. CenH3 is a unique and critical component of centromeric chromatin, and appears to have undergone adaptive evolution, probably in connection to the rapid sequence changes in CEN DNA 1, 2, 4 . Recent discoveries of a CenH3 interacting protein, Scm3p (Suppressor of chromosome missegregation 3; a high-copy suppressor of mutations in cenH3) have further illuminated the architecture and assembly of centromeric chromatin [5] [6] [7] . Scm3p was shown to specifically bind the cenH3-H4 complex, but not conventional histones H3-H4 and it is required for the assembly of CenH3 into the centromeric chromatin 6 . Scm3p was also shown to selectively replace H2A-H2B from cenH3-H4-H2A-H2B octamers in vitro, consistent with the observed reduction of H2B, H2A and the H2A variant H2AZ
at the centromeric nucleosomes in vivo. Furthermore, Scm3p is required for the centromeric localization of inner kinetochore proteins Cbf1p, Mif2p, Cep3p, and Ndc10p, suggesting that it functions at a key early step in the assembly of the unique centromeric chromatin structure [5] [6] [7] .
Material and Methods
Sequence profile searches were conducted using the PSI-BLAST program 8 Information, NIH, Bethesda, MD) were the sequence databases used in this study.
Translating searches of WGS was performed using TBLASTN.
Results and discussion
Sequence analysis of Scm3p shows that it is conserved across all fungi, irrespective of the type of centromere (point or regional) or CEN sequence they possess (Fig. 1 ).
The conserved core of fungal Scm3p orthologs maps to a single globular domain that is predicted to adopt a predominantly α-helical fold and potentially chelate a metal ion. This conserved domain (hereinafter termed the Scm3p domain) corresponds to the region of Scm3, which is required for the cenH3-specific interaction 6, 7 . The long predicted α-helix in this domain might be critical for the observed dimerization of versions of the MYB domain found in Scm3p tails one of them usually occurs as two tandem MYB domains resembles the classical Myb transcription factor, the second one is specifically related to the MYB domain in the RAP1p proteins, and the third a distinct highly divergent form ( Fig.1 and supplementary material) . The C2H2-Znfs occur as either a single classical version, or else as a distinct module comprised of three specialized C2H2 zinc fingers (Fig.1) .
In addition to the classical AT-hook which binds minor grooves 15 represents one or more DNA-binding domains (Fig. 1 ) that might bind to CEN DNA sequences and locally alter DNA and chromatin structure at the centromere.
Superposing domain architectures of Scm3p on the phylogenetic tree of fungi 17 makes it clear that while different major lineages tend to have their own distinct architectures, these can dramatically vary even within closely related forms (Fig.1) . Phaeosphaeria and relatives are highly divergent and unique (Fig. 1) . Similarly, the presence of AT-hooks and related DNA-binding motifs in Scm3p tails show variability amongst related fungi, with these motifs being present only Gibberella, Neurospora, Fusarium and Sclerotinia, but not their close relatives (Fig. 1) . The distribution of the novel Zn-cluster is similarly sporadic across fungi-it is found in both ascomycetes Members of the lineage within Saccharomycotina with the short Scm3p proteins, and lacking obvious DNA-binding motifs, (Fig. 1) are known or securely inferred to have point centromeres 3 . Centromeres of Yarrowia lipolytica are more complex, but they possess CEN sequences that resemble S.cerevisiae sequences in size and structure.
They appear to represent an intermediate condition between point and regional centromeres 18 , which might be consistent with the short Scm3p ortholog in this yeast. In evolutionary terms, regional centromeres appear to be the primitive condition for fungi, with point centromeres being derived in a subgroup of : species with a homologous GCR1 domain, either in paralogous transcription factors or crypton family transposons, but no Ndc10 ortholog. All domains noted here were detected with e-values <.01 in profile and HMM searches. They were confirmed through reciprocal searches using PSI-BLAST that recovered known representatives of each of the depicted domains with e <.01 prior to convergence.
